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In this paper, we present the dependencies of atomic nitrogen concentration in the
afterglow on the amount of oxygen admixture added to the main gas. It is observed
that until a certain threshold, the concentration of atomic nitrogen rises rapidly with
the amount of admixture. If even more of the admixture is added, the concentration of
nitrogen atoms decreases again. We suggest the explanation of this phenomenon by two
antagonistic processes acting together: (i) decrease of the surface recombination coeﬃcient
by blocking of active sites and (ii) chemical reaction between N and O2 in the volume.
1 Introduction
The processes present at the interface between the discharge plasma and the
solid matter are of great importance for physical properties and parameters of the
plasma. In the same time, the plasma itself changes the surface, both its structure
and its composition. This “surface plasma treatment” is very important [1] for
plasma deposition techniques, where thin coatings with selected parameters are
deposited on the substrate. Often the quality of such deposited ﬁlms is determined
by the state of the surface of the substrate.
It is well known that the state of the wall surface in the discharge, i.e. its
cleanness, structure, amount and type of adsorbed gases, etc., radically inﬂuences
the heterogeneous loss processes for various species. Particularly important are the
changes of surface recombination rate, which in turn directly inﬂuence the produc-
tion rate of atomic species in plasma sources used for oxidation or nitridation. For
example, when a small amount of oxygen is added to a nitrogen before its passage
through the discharge, one observes [2] important increase in the concentration of
atomic nitrogen in the afterglow. It is generally accepted [3] that surface processes
play a dominant role in this eﬀect.
2 Experimental
A microwave discharge is produced in a quartz discharge tube with inner di-
ameter of 13 mm passing through the surfatron cavity. Flowing afterglow may be
observed in 1 m long quartz tube with inner diameter of 8 mm. Plasma is sustained
by 100 W power from 2.45 GHz magnetron.
We employed electron paramagnetic resonance (EPR) spectrometer JEOL JES-
3B to measure the concentration of atomic nitrogen. This method is based on
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resonance absorption of microwave energy by the transitions between Zeeman split
levels [4]. In comparison with other techniques it has a big advantage in its non-
invasivity and the ability to determine easily the concentrations of wide range of
species. The EPR spectra of the isotopes 14N and 15N are easily distinguishable
due to their diﬀerent nuclear spin.
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Fig. 1. Schematic drawing of the experimental apparatus.
Our experiments are carried out at nitrogen ﬂow of 50 sccm, which corresponds
to a pressure of 450 Pa in the discharge area. The amount of oxygen admixture
(up to several percents) is controlled by mass ﬂowcontroller. The concentrations of
both atomic nitrogen isotopes 15N and 14N are determined at afterglow position
27 cm from the discharge.
3 Results and discussion
In the Fig. 2 there is plotted the concentration of atomic nitrogen on the amount
of oxygen admixture. One observes that after rapid rise the maximum is reached and
for higher abundances of oxygen the atomic nitrogen concentration decreases again.
This behaviour can not be explained, when the most common volume reactions [5]
are taken into account and thus surface reactions must be introduced.
Let us consider the plasma consisting mainly of the nitrogen gas with small
amount of oxygen impurity. The processes taken into account are surface recombi-
nation of atomic nitrogen and volume reaction between N and O2. Therefore the
change in concentration of atomic nitrogen is
d[N ]
dt
= C − ks[N ]− kv[N ][O2] (1)
where C is the production term, ks is the rate constant for surface recombination
and kv is responsible for a loss of atomic nitrogen by the reactions with oxygen in
the volume.
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Fig. 2. Dependence of atomic nitrogen concentration on the oxygen admixture.
It is generally supposed [6] that recombination of atoms takes place at so called
active sites at the surface. If the active sites become occupied by the molecules
of admixture, their eﬀective number decreases and wall recombination coeﬃcient
decreases also. From the simple reasoning (Langmuir kinetics) we can conclude that
the occupation of active sites by atoms or molecules of admixture should follow
Sp = St
[O2]
[O2] + b
(2)
where Sp is number of passivated sites, St is the total number of active sites and
b is certain constant. Now the rate at which the surface recombination takes place
may be expressed as
ks = k′s
(
1− [O2]
[O2] + b
)
=
k′sb
[O2] + b
(3)
Introducing this into Eq.(1) and searching for steady state (t → ∞) solution,
the equilibrium concentration of atomic nitrogen is
[N ] =
C
k′sb/([O2] + b) + kv[O2]
(4)
By ﬁtting of experimental data (see Fig. 2) by this equation we obtain the values
kv/C = 1.76 · 10−16 cm6, k′s/C = 2.60 cm3 and b = 1.23 · 1013 cm−3.
In the Fig. 3 we can observe interesting fact, that the isotope ratio of atomic
nitrogen is changing with the amount of admixture.
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Fig. 3. Inﬂuence of oxygen admixture on atomic nitrogen isotope ratio.
4 Conclusion
Our experimental results and theoretical analysis suggest that the production
of atomic nitrogen is governed by both surface and volume processes. At low con-
centrations of impurities, the term decreasing the wall recombination coeﬃcient is
dominant but at higher admixture ﬂows, the reactions in volume start to decrease
again the concentration of nitrogen atoms. For even higher amounts of admixture
the more complex phenomena occur which are not well described by our model.
Both isotopes of nitrogen (15N and 14N) behave similarly but their ratio is changing
with the amount of the oxygen impurity.
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